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Description _ - 

The present Invention relates to a multiple layer 
positron emission tomography camera 

Earlier application EP-A1 0 205 791 which Is con-, 
sldered as comprised In the state trf art according 
to Article 54(3) EPC describes a positron emission 
tomography (PET) camera having multiple layers of 
detectors or scintillators with each layer staggered 
or offset from its adjacent layer. That improved 
structure reduces the angulation degradation there- 
by allowing the diameter of the detector rings to be 
reduced which in turn increases the camera sensi- 
tivity and reduces the detector cost Furthermore, 
the multiple layers of staggered or offset detectors 
greatly increases the number of samples detected 
and allows the elimination of the conventional wob- 
ble motion from the camera. 

Prior art document GB-A 2 058 511 discloses a 
positron annihilation imaging device using mufeple 
offset rings of detectors. By offsetting the detec- 
tor rings by half the angular separation between de- 
tectors data Is collected from the same number of 
points as would be collected from a single ring in its 
normal and rotated positions. In this way wobble mo- 
tion of a cainerajcejiJ^jaypjpM ^ ™ ^ 
Further, prior art document WO-A 8 500 665 de- 
scribes a positron camera In which different scintil- 
lation detectors have different decay constants. 

It is an object of the present invention, to enable 
further Improvements In a positron emission camera 
(PET) having detector rings with multiple staggered 
or offset layers of scintillation detectors. 

To solve this object, the present invention pro- 
vides a multiple layer positron emission tomography 
camera having especially the features as defined in 
claim 1. 

The present invention provides a PET camera- 
having a patient area and a plurality of detector 
rings positioned side-by-side around the patient ar- 
ea to detect radiation from a patient positioned tn 
the patient area. Each ring contains a plurality of 
scintillation detectors directed towards the patient 
area for defining a plane slice through the patient 
area by the detectors in each ring. Each ring in- 
cludes multiple layers of scintillation detectors w tn 
the detectors in one of the layers being offset rela- 
tive to the detectors in the other layers In the same 

^The thickness of the layers increase from the in- 
ner layer to the outer layers and preferably expo- 
nentially from the inside to the outside of the ring to 
allow each layer to detect the same number of scin- 
tillation- ^ ^ * j ™iu 

Preferably, means for converting detected radia- 
tion into electrical pulses include a light guide direct- 
ed towards the side edges In which the light guide 
transfers the light received from the offset detec- 
tors to a non-offset rectangular matrix. ' 

Preferably, each layer of the scintillation detec- 
tors has a different timing constant for Identifying 
the layer in which radiaWlTdetected _ . 

Preferably, ail of the layers of scintillation detec- 
tors are bismuth germanate (BQO^cintlllatlon crys- 



tals for yielding better resolution because of the 
smaller detector depth. 

Other and further objects; features and advan- 
tages will be apparent from the following descnption 
5 of a presently preferred embodiment of the Inven- 
tion, given for the purpose of disclosure and taken 
in conjunction with the accompanying drawings, in 
which: 

10 Fig. 1 is a perspective eievaflonal view of the^ 
positron emission tomography camera of the 
present invention, -J' 

Rg. 2 is a schematic cross-sectional view of one 
embodiment of the positron emission tomography - 
15 camera of the present invention, 

Fig. 3 is a schematic elevational view, in cross 
section, of another embodiment of the placement of 
the detectors of the present invention, 
Fig. 4 Is an expanded schematic view of one em- 
20 bodiment of three layers of detectors of the pre- 
sent invention, , _ # . 

Rg 5 Is an exploded view of another embodiment 
of three layers of detectors of the present inven- 
tion 

25 Rg. 6 is a schematic elevational view, in cross 
section, Illustrating various methods of identifying 

which^etector has detected radiation, , 

Fig. 7 is a cross-sectional view taken along the 

30 ""Rg. Vis R an 6 elevational view of another type of 
means for identifying which detector has detected 
radiation, 

Rg. 9 is a perspective view illustrating another 
method of determining which crystal detector has 
35 detected radiation, and 

Rg. 10 Is yet another perspective view Illustrat- 
ing how four photomultiplier tubes can be used to de- 
tect which one of twelve detectors has detected ra- 

40 rf,ation - 

Referring now to the drawings, and particularly to 
Rg. 1 , the reference numeral 1 0 generally indicates 
a positron emission tomography (PET) camera nav- 
45 ing a support or gantry 12, a plurality >of detector 
rings, here shown as two rings 14 and14a, for con- 
venience, and connected photomultiplier tubes 15 
and 15a, respectively, posffloned side-by-side 
around and surrounding a patient area 16 to ^ detect 
50 radiation therefrom. The patient area 16 may Include 
a patient bed 18 for supporting a patient In a PET 
camera, a positron isotope, such as 82 rb, is inject- 
ed Into the patient, each positron Isotope atom then 
emits two gammas simultaneously and back-to-back. 
55 The detectors, which may be of various types, then 
capture these gammas to produce the Image of the 
tracer distribution. 

As in the earlier application above identified, tne 
present Invention Is directed to a PET camera hav- 
^ 60 Ing a plurality of rings, such as 14 and 14a,jposi- 
tioned side-by-side around the patient area 16 to de- 
/ tect radiation from a patient Each ring 14 and 14a to- 
J dudes multiple layers of scintillation detectors with 
each layer offset or staggered from the ao]acent 
65 layer. Thus referring to Rg. 2, one ring 14 is illus- 
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trated having multiple layers of scintillation deteo- 
toJX*&m*> and 22. With the two teyer 
system shown in Fig. 2, one layer is offset or stag- 
gered relative to the other layer by half the width of 
one of the detectors. Referring to Fig. 3, instead of 
having two layers, a three layer ^m "avinfl fev- 
ers 26, 28, and 30 are shown in Which the layers are 
offset to the adjacent layer in the same ring by one- 
third of a detector width. Thus, where the number of 
lavers of detectors are n, the offset between each 
adjISm laye? 1M of the detector wldtiu However 
the total combined depth of detection matenal In the 
multiple layer systems of Fig. 2 and RgJMs i e quaJ I to 
the depth of the detector In a conventional mono- 
layer design to conserve the total gamma detection 
efficiency. The scintillation events in each detector 
in each layer must be uniquely Identified as will be 
more fully discussed hereinafter. However, witti 
the reduced depth in each layer the angulation ef- 
fect which degrades the racial ^M 0 "^ re- 
duced. Given a fixed detector ring diameter, the de- 
signs of Figs. 2 and 3 will produce the highest possi- 
ble spatial resolution. Alternatively, with the 
reduced angulation effect the detector ring diame- 
ter can be reduced from that of the conventional ar- 
rangement The reduction In diameter ring size will 

incrWthe .sensftlvjtvpl I th ? -^ra _^nce *ie 

camera sensitivity is linearly inverse^ proportion* 
to the detector ring size. This is especially Important 
for cameras designed for small objects, such as the 
brain, animals, limbs and infants. . , 

With the detector layers staggered, tire detector 
should be designed so that each of the layers [in 
each ring will detect the same number of sdrrtfllatton 
events thereby providing denser and more uniform 
radial sampling so that scanning movement of the 
detector can be eliminated. In order to achieve 
even sampling, each of the layers such as layers 
26, 28 and 30 should stop the same number or 
511KEV events. The detector material In each layer 
need not be the same as long as the above condiCon 
is satisfied, although only the materials with the 
highest stopping power should be used. Since trie 
attenuation of the scintillation events Is exponential 
in nature, the Inner layer 26 should be designed to 
have the smallest depth whereas the outer teyers 
28 and 30 will have increasing larger depths. Refer- 
ring now to Fig. 4. a three ring layer detectorsys- 
tem of Fig. 3 Is shown for a specific e^olment 
having a total efficiency of about ^J^» P£ 
tlcular three layer design combination materials tor 
the different layers are provided. Thus layer 26 Ms 
BAF2, while layer 28 is QSO and layer 30 fcsBGO 
detectors. It is to be noted that the depth of layer 26 
is 7.7 mm, the depth of layer 28 is 8.2 mm and the 
depth of layer 30 Is 15 mm. The particular configura- 
tion of the three layered system shown In Fig. . 4 j pro- 
vides that each layer 26, 28 and 30 should each 
stop approximately 30 counts out of a 100 count 
event for a 90% efficiency. It is to be noted that toe 
thickness in each of the layers 26, 28 and 30 Is 
greater than the thickness of the adjacent Inner lay- 
er. In fact, In order to Insure that each of the layers 
26, 28 and 30 will detect the same number of events, 
the layers are sized as d scribed to provide an x- 



ponential stopping power in the first layer 26 of 
30%, In the middle layer 28 of 43%, and in the outer 
layer 30, of 75%. . tu _ 

Referring now to Fig. 5, a three layer design with 
s only BGO detectors is shown in which the thickness 
of the layers Is Increasing exponentially to provide 
--that each layer will detect the same number of 
events. The three layer design with only BGO detec- 
tors should yield even better resolution because erf 
10 the smaller detector depth in the two lower layers 26 
and 28 as compared with the embodiment of Rg. 4. 

Each of the detectors In each of the layers must 
be correctly identified which requires something dif- 
ferent than the usual one photomuNpllertobe to one 
15 detector as used In a conventional PET. Referring 
now to Fig. 6, a three layer system is shown utilizing 
the materials of Rg. 4 In v^ich the s^^red teyers 
26, 28 and 30 are of the materials BAF 2, GSO and 
BGO, respectively. The advantage of thte 
20 -ohoswich - design is that the Individual layers 26, 
28 and 30 can be easily identified because the scin- 
tillation timing constants for the three different lay- 
ers is different Therefore, Identification of the indi- 
vidual detectors In the layers can be performed by 
25 a photomultiplier tube (PMT) since the PMT pulse 
shape discrimination technique which Is In common 
use In neutron-gamma discrimination can be used to 
differentiate which one-of the-layer8^26,^ and-30 
the scintillation event occurs. After Identifying the 
30 scintillation layer, one can use ^e wnventonaJ 
-analog decoding" scheme as used In the conven- 
tional MGH continuous detector ring desfen to Iden- 
tify the position of the scintillating crystal within the 
detected layer. Fig. 6 shows on one side of the lay- 
35 ers 26, 28 and 30 a light guide 40 having Individual 
light guide channels 42, 44 and 46 for the layers 
26, 28 and 30, respectively, which leads to a photo- 
multiplier tube 50 In the form of a back coupling. Rg. 
6 also shows an alternate side coupling method utl- 
40 lizing a light guide with channels 52. 54 and 56 for 
lie with a photomultiplier tube 60. While shown 
schematically In Fig. 6 the means for converting ttie 
detected radiation of the individual detectors are 
positioned adjacent each of the rings 14 and 14a but 
45 offset from the plane of each ring 14 and 14a and 
are directed perpendicularly to the plane of the 
ring. While the use of PMT provides an excellent 
and low cost device for converting the detected ra- 
diation Into electrical pulses, they are Quite bulky 
50 and therefore their use limits the present camera to 
having two rings 14 and 14a as the rings must be 
closely adlacent to each other to provide closely ad- 
lacent plane slices through the patient 
Referring now to Fig. 8, again a ( three garag- 
es tal detector system Is used having layers 26, 28and 
30 in which a plurality of silicon avalanche pnotodh 
odes 62, 64, and 66 are provided adjacent eachj 
the individual detectors. This type of phejtodiode 
has the advantage of being small enough so that 
so more than two rings 14 and 14a of detectors may be 
utilized to provide a multiplicity of ad|acent plane 
slices through a patient A disadvantage of the sill- 
con avalanche photomuitipliers is their high cost 
Hence with the use of both the "phoswich- and 
65 analog decoding sen mes, the number of PMT used 
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In a system can be minimized. This together wtth the 
fixed detector system and smaller ring diameter al- 
lowed by this design will allow a rather Inexpensive 
PET camera to be constructed. The other approach 
of detector location Is the use of the silicon ava- 
lanche photodiodes, Fig. 8, with one^ dods J«r scin- 
tillator. The compactness of- the photodiodes per- 
mits the one diode per scintillator approach andalso 
allows more than two detector rings to be construct- 
ed Using such an approach, all of the layers can be 
made of BGO as shown in Rg. 5 to get the bestpoft- 
sible resolution because of less detector depth In 
the inner layers. „ ^ U!1 _ 

A third way to couple the PMT to the multilayer 
staggered layers 26, 28 and 30 of scintillators is 
shown in Rg. 9 In which all of the layers 26, 38 and 
30 are made up of BGO crystal scintillators and are 
offset as shown in Rg. 3 and have the different 
depths as shown in Rg. 5. A light guide generally In- 
dicated by the reference numeral 70 Is provided on 
the side of the layers 26, 28 and 30 to transfer the 
light from the staggered and offset and different 
depth crystals to a non-staggered rectangular ma- 
trix of 3x3 so that four PMTs A ( B, C and D may 
use to decode the nine possible positions of scintil- 
lation. Thus, when light guide 72 receives a flash be- 
- cause of ; a-scirTtillation-in-crystal-73 only PMT A rer 
celves a signal. When light guide 74 ^ receives a 
flash from a scintillation In crystal 75, PMT A and B 
receives signals. When light guide 76 receives a 
signal from crystal 77, only PMT B receives a sig- 
nal. When light guide 78 receives a signal from 
crystal 79 PMT A and C receives signals. And 
when light guide 80 receives a signal from crystal 81 
in layer 30 only PMT C receives a signal. The re- 
mainder of the light guides are slmDar so that nine 
crystals may be Identified with four PMTs for de- 
coding the position of scintillation in me nine crystal 
detectors in the layers 26, 28 and 30. ' 

The arrangement of Rg. 9 provides a crystal 
identification which is almost as positive as having 
one PMT/sdntillator. In addition the scintilla- 
tor/PMT ratio of three compensates for the three- 
fold increase in the number of scintillators In a three 
layer design but without a threefold increase in the 
number of PMTs. , , (1 , 

Referring now to Rg. 10, a light guide generally in- 
dicated by the reference numeral 90 is provided to 
transfer light from layers 26, 28 and 30 of crystal 
detectors, an of which may be of the same type, In 
which the light guide 70 transfers the light from a 
staggered and different depth size crystal Into a 
non-staggered rectangular matrix In order ^at four 
PMTs may be used to decode the position of scintil- 
lation In twelve crystals. That is, again the light 
guide 90 is shaped to transfer the light from a piural- 
Sy of irregularly positioned and shaped crystals to 
a regular matrix. Thus when light guide 100 receives 
light from crystal 101 only PMT A receives a signal. 
When light guide 102 receives light from crystal 103 
PMT A receives a signal but also PMT B receives a 
signal since light guide 104 has an interconnection 
with light guide 102. However, J^toJ^to 
PMT A will be larger than that of PMT B thiswlllbe 
an indication of a signal from crystal 103. On the oth- 



er hand, when light guide 104 receives a signal from 
crystal 105, again both PMT A and PMT B receives 
signals, but in this case the larger signal Is received 
by PMT B which defines light guide 104. The remain- 
5 der of the light guide 90 is similarly designed to allow 
four PMTs to define the actual scintillator location. 

The -present invention provides a staggered-ex- 
ponentlal depth multilayer detection system for PET 
cameras. This detection system can Improve the im- 
10 age resolution to the theoretical limit of positron 
range (2-3 mm) throughout the entire field of view 
with a detector ring no bigger than that of the con- 
ventional design. Alternatively, the system can be 
used to buBd a higher sensitivity PET (2.5 times that 
15 of conventional) with the use of half size detector 
ring in which the ring can be motionless. Such a 
fixed half size detector ring is less expensive, sim- 
pler, and especially suitable for PETs for scanning 
small object With the existing photomuttiplier tech- 
20 nology of one PMT/scintillator only a. maximum of 
two rings (three image planes) can be provided 
However, with the present system, and without wob- 
bling, it is possible to translate the detector along 
the z-axis fast enough to capture three additional 
25 slices or double the axial FOV In the object Hence a 
very inexpensive PET with two miniaturized rings of 
detectors can provide true three-dimensional imag- 
ing^^ an ^ 

with little sacrifice and sensitivity and resolution. 

30 The present Invention, therefore, is weD adapted 
to carry out the objects and attain the ends and ad- 
vantages mentioned as well as others Inherent 
therein. While presently preferred embodiments of 
the Invention have been given for the purpose of 

35 disclosure, numerous changes In the details of con- 
struction and arrangement of parts will be readily 
apparent to those skilled In the art and which are en- 
compassed within the scope of the appended claims. 
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Claims 

1. A positron emission tomography camera com- 



a patient area (16), 

a plurality of detector rings (14, 14a) positioned 
side-by-side around the patient area (16) to de- 
tect radiation from opposite sides of a patient in 
the patient area (16), 

each ring (14, 14a) containing a plurality of scintil- 
lation detectors directed towards the patient area 
(16) for defining a plane slice through the patient 
area (16) by the detectors in each ring, said de- 
tectors on opposite sides of the patient detecting 
two oppositely directed gamma rays, character- 

each^rin^H, 14a) Includes multiple layers (20, 
22) of scintillation detectors, the detectors In one 
of the layers being offset relative to the detec- 
tors in the other layers in the same ring, and 
the thickness of each layer (20, 22) is greater 
than the thickness of the next inner layer and the 
thickness of each layer is sized so that each lay- 
er detects substantially the same number of gam- 
marays. 
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2. The camera of daim 1, characterized In thai the 
detectors are -of the same material and the tnlcK- 
ness of the multiple layers (20, 22) Increase expo- 
nentially from the inner layers to the outer layers. 

3 The camera of claim 1, characterized in that 
each layer (20, 22) of scintillation detectors has a 
different timing constant for Identifying the layer in 
which radiation is detected . 

4. The camera of anyone of claims 1 to 3, cnarac- 
terized byi 

means for converting detected reflation into 
electrical pulses, said converting means including a 
light guide (52, 54, 56) directed towards the skie 
edges of said rings, said light guide (52, 54, 56) 
transferring the light received from the offset de- 
tectors to a non-offset rectangular matrix. 

5. The camera of claim 1 , characterized in that al 
of the layers (20, 22) of detectors are BGO crystal 
scintillation detectors. . n 

6. The camera of claim 1. characterized In that the 
number of layers (20, 22) of detectors are n and the 
offset between each adjacent layer Is l/n of the de- 
tector width. 



PatentansprQche 

" f/pbsftronenemlsslo 
einem Patierrtenbereich (16), 
einer Vielzahl von Detektomngen (14, 14a), <Ue 
Sette an Seite urn den Patientenbereich (16) posh 
tioniert sind, urn Strahlung von entgegengesetz- 
ten Setten elnes Patienten im Patfentenberelcn 
(16) zu eriassen, rt . 

wobei jeder Ring (14, 14a) eine Vielzahl von Szin- 
tillationsdetektoren aufweist die zu dem Patien- 
tenbereich (16) hln ausgerichtet sind, urn one ebe- 
ne Scheibe durch den Patientenbereich (16) mrt- 
tels der Detektoren in jedem Ring zu definleren,- 
wobel die Detektoren auf entgegengesetzten Sel- 
ten des Patienten zwei entgegengesetzt gerichte- 
te Gammastrahlen erfassen, dadurch gekenn- 

jed^Wn^fu, 14a) Mehrfachs^lchten (SO, 22) 
von Szintillationsdetektoren enthaft, wobel die 
Detektoren In einer der Schichten bezOglich der 
Detektoren in den anderen Schichten im gleicnen 
Ring versetzt sind, und , , _ 

die Dicke jeder Schlcht (20, 22) grcBer 1st ais die 
Dlcke der nachsten Inneren Schlcht und die 
Dlcke Jeder Schlcht derart bemessen 1st, daB je- 
de Schlcht im wesentiichen die glelche Anzahl 
von Gammastrahlen erfaBL 

2. Kamera nach Anspruch 1. dadurch gekenn- 
zeichnet, daB die Detektoren aus dem iQWc^iiWte- 
terial sind und die Dlcke der Mehrfachschichten 
(20, 22) exponentiell von den inneren Schichten zu 
den auBeren Schichten zunimmt 

3. Kamera nach Anspruch 1, dadurch flojjnn- 
zeichnet, daB Jede Schlcht (20, 22) cter tarttfhtf- 
onsdetektoren eine unterschiedllche Zertkonstartte 
hat, urn die Schlcht zu identifizieren, in watcher 
Strahlung erfaBtwird. ■ _ 

4. Kamera nach einem der AnsprOche 1 bis 3, ge- 
kennzelchnet durch: 



eine Elnrlchtung zum Umsetzen erfaBter Strah- 
lung in elektrische Impulse, wobei dese Urnset- 
zungselnrichtung einen Uchtlelter (52, 54, 56) auf- 
weist der gegen die Seitenkanten der RInge gericn- 
5 tet 1st, wobei der Uchtlelter (52, 54, 56) das von den 
versetzten Detektoren empfangene Ucht zu einer 
nichtversetzten Rechteckmatrix Qbertrigt 

5. Kamera nach Anspruch 1, dadurch gekenn- 
zelchnet, daB aile Schichten (20, 22) der Detek- 

10 toren BGO-KrtstaJI-Szintillatlonsdetektoren sind. 
(BGO ~ Wlsmutgermanat). 

6. Kamera nach Anspruch 1. dadurch gekenn- 
zelchnet daB die Anzahl der Schichten (20, 22) der 
Detektoren n betragt, und daB die Verseteung^rt- 

1*5 schen alien benachbarten Schichten l/n der Detek- 
torbreite betr&gt 

RevendicaHons 

20 1. Une camera detomographie par emission de po- 
sitrons compreriant 
une zone de patient (16), 

plusleurs anneaux (14, 14a) de d&ecteure posi> 
tionnes cote a cote autour de la zone de patent 
25 (16) pour d6tecter un rayonnement provenant de 
cotes opposes (fun patient dans la zone de par 
tient (16) 

chaque anneau (14, I4a)cqrtenartptusieure de- 
tecteurs de sctntfliation diriges vers la zone de 
30 patient (16) pour d6finir une tranche plane dans la 
zone de patient (16) par ies d&ecteurs dans che- 
que anneau, lesdits ddtecteurs srtues sur des co- 
tes opposes du patient d&ectant deux rayons 
gamma de sens opposes, caractertsee en ce que 
35 chaque anneau (14, 14a) comprend des wudies 
multiples (20, 22) de ddtecteurs de santnation, 
Ies detecteurs dans Tune des couches etant de- 
cales par rapport aux detecteurs des autres cou- 
ches du m6me anneau, et 
40 I'epaisseur de chaque couche (20, 22)est Ph* 
grande que I'epaisseur de la couche lnterieure 
suhrente et ttpaisseur de chaque couche est de 
dimension telle que chaque couche d&ecte sensl- 
blement le meme nombre de rayons gamma. 
45 2. U camera selon la revendicabon 1, carefilM- 
see en ce que Ies detecteurs sort constitute du m§- 
me material et que I'fipalsseur des couches multi- 
ples (20, 22) augmente exponentleliement depuis ies 
couches interieures vers ies couches exterieures. 
50 3. U camera selon la revendcation JUcwKri- 
se> en ce que chaque couche (20, 22) de detec- 
teurs de scintillation possede une constante de 
temps differente pour Identifier la couche dans la- 
quelle est dttecte le rayonnement 
55 4. La camera selon Tune quelconque des revendl- 
catlon8lft3,caract6rlseepan . 

des moyens pour converter le rayonnement d6teo 
te en Impulsions aectrlques. lescfits moyens de con- 
version comprenant un guide de lumlere (52. 54, 56) 
60 dlrig* vers Ies bords lateraux desdte anneaux, tedft 
guide de lumiere (52, 54, 56) transferant la lumfere 
recue depuis Ies d&ecteurs decalds vers une matrt- 

ce rectangulaire non decatee. 

5 La camera selon la revendicatJon 1, <sajBCt6rt- 
65 seVen ce que toutes les couches (20, 22) des de- 
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tecteurs sont des ddtecteurs de scintillation a cris- 
ta! deBQO. 

6 La camera selon la revendication 1, caracten- 
see en ce que le nombre de couches (20, 22) de d§- 
tecteurs est de n et que le decalage entre chaque 
couche adjacente est l/n de la largeur des deteo 
teurs. 
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